Two flavan-3-ol glycosides together with seven flavan-3-ols were isolated from stems of the mangrove plant, Rhizophora stylosa. Their structures were established as glabraoside A (7) and glabraoside B (8) by spectroscopic and chemical methods. The antioxidative activity of these isolated compounds evaluated by the diphenylpicrylhydrazyl (DPPH) radical scavenging reaction was higher than that of L-ascorbic acid.
Rhizophora stylosa (Rhizophoraceae, Yaeyama-hirugi in Japanese) is known as a species of mangrove tree. The bark of genus Rhizophora has traditionally been used by local people as a source of dye and folk medicines.
1) The extract of some species of this genus has been reported to have antifungal activity, 2) antibacterial activity, 3) antiinflammatory activity, 4) gastric antiulcer properties, 5) and efficacy in wound healing. 6) In the course of our search for useful metabolites of Rhizophora stylosa Griff, we found two antioxidative flavon-3-ol glycosides, glabraoside A (7) and glabraoside B (8) , together with seven flavanol derivatives, (+)-catechin (1), (À)-epicatechin (2), cinchonain IIa (3), cinchonain IIb (4), (+)-catechin 3-O--L-rhamnoside (5), cinchonain Ia (6) , and cinchonain Ib (9). [7] [8] [9] Compound 7 was isolated as a colorless powder and has the molecular formula C 30 H 30 O 13 , as deduced from the HRFAB-MS data, which showed the quasi-molecular ion peak at m=z 599.1773 (½M þ H þ , calcd. 599.1765) in positive the HRFAB-MS data, as well as the molecular ion peak at m=z 597 ½M À H À in the negative ESI-MS data, and 1 H-and 13 C-NMR spectral data ( Table 1) . The UV spectrum showed absorption at 205, 230 (sh), and 280 nm. The IR spectrum of 7 indicated the presence of hydroxyl (3400 cm À1 ), carbonyl (1748 cm À1 ), and aromatic (1622 and 1451 cm À1 ) groups. The 13 C-NMR spectrum of 7 was similar to that of catechin- [7,8- 8, 9) The remaining six carbon signals were in good agreement with those of the -L-rhamnopyranose. The sugar moiety was supported by the result of a sugar analysis of the acidic hydrolysis of 7. In the HMBC spectrum, the proton signal at 4.34 (rha-1) showed a correlation with the carbon at 71.5 (C-3), suggesting the rhamnose moiety to be connected to the C-3 position (Fig. 1) . The absolute configuration at C-7 00 was determined to be , based on the sign of [CD (+) 228]. Consequently, 7 was characterized as glabraoside A. 10) Compound 8 was isolated as a colorless powder. The UV, IR, ESI-MS, 13 C-and 1 H-NMR spectra of 8 were similar to those of 7, except for the coupling constants at H-7 00 , suggested that 7 and 8 could both be considered as stereoisomers. The absolute configuration at C-7 00 was determined to be , based on the sign of [CD (À) 230]. Therefore, compound 8 was characterized as glabraoside B.
11)
(+)-Catechin, (À)-epicatechin and cinchonain Ib have already been isolated from R. stylosa, 12) although we isolated those flavan-3-ols constituting 3-8 from the stem of R. stylosa for the first time.
The antioxidative activity was evaluated by the DPPH free radical scavenging method. 13) Compounds 1-9 were compared for their activity with EGCg and L-ascorbic acid that are commonly used as positive controls in antioxidative activity tests, although they differ from the isolated compounds in their structures and molecular weights. All the compounds isolated in this study were more potent than L-ascorbic acid in their DPPH free radical scavenging activity as summarized in Table 2 . The order was Extraction and isolation. The pulverized stems (80 g) were extracted with 300 ml of MeOH by Soxhlet apparatus for 8 h. The MeOH extract was concentrated and suspended in water, and then further extracted with EtOAc and n-BuOH to respectively yield 3.14 g of an EtOAc-soluble fraction and 9.7 g of an n-BuOH fraction. The EtOAc fraction was subjected to column chromatography (CC; 5 Â 20 cm) over silica gel, eluting with different solvents of increasing polarity (hexane/EtOAc, 5:5, 3:7 and 0:10; then EtOAc/MeOH, 9:1, 8:2 and 0:10, 1 liter each) to yield six fractions. Part of the EtOAc/ MeOH = 9:1 fraction (1.0 g of 1.6 g) was subjected to solid-phase extraction (Alltech Associates Inc., IL, USA; Extract-CleanÔ high-capacity C18 cartridge, 255440) using 80% MeOH as the eluent, and then by LiChroprep Ò RP-8 CC, using 40% MeOH (90 ml), 50% MeOH (150 ml), and 60% MeOH (120 ml) including 0.1% formic acid as the eluent, to afford four fractions (F1 to F4). F1 (451 mg) was subjected to silica gel LiChroprep Ò Si60 CC, using CH 2 Cl 2 /MeOH/HCOOH (90:10:0.1, 80:20:0.1, and 50:50:0.1, 120 ml each) to afforded seven fractions (F1-1 to F1-7) . F1-1 (20 mg) was subjected to CC on Toyopearl Ò HW-40F (1:5 Â 50 cm), using 70% MeOH (120 ml), 80% MeOH (120 ml) and 100% MeOH (120 ml) as the eluent, to afford a mixture of compounds 1 (4.5 mg) and 2 (5.4 mg). F1-2 (86 mg) was subjected to CC on Toyopearl Ò HW-40F, using 70% to 100% MeOH as an eluent, to afford a mixture of compounds 3 (8.9 mg) and 4 (16.7 mg). F2 (128 mg) was subjected to CC on Toyopearl Ò HW-40F, using 70% to 100% MeOH as the eluent, to afford a mixture of compounds 5 (1.8 mg) and 6 (18.9 mg). F3 (218 mg) was subjected to CC on Toyopearl Ò HW-40F, using 70% to 100% MeOH as the eluent, to afford six fractions (F3-1 to F3-6). F3-3 (18 mg) was subjected to CC on LiChroprep Ò RP-18, using 30% to 70% MeOH including 0.1% formic acid as the eluent, to afford a The NMR spectra were obtained with a Jeol JNM-alpha 500 spectrometer (500 MHz for 1 H and 125 MHz for 13 C) in Me 2 CO-d 6 . Chemical shifts () are given in parts per million (ppm) relative to the peaks of H 2.04 and C 29.8 as internal standards. b Multiplicity: s, singlet; brs, broad singlet; d, doublet; dd, double doublet; m, multiple. compounds 7 (8.6 mg) and 8 (7.0 mg). F4 (61 mg) was subjected to CC on Toyopearl Ò HW-40F, using 70% to 100% MeOH as the eluent, to afford compound 9 (19.8 mg).
Glabraoside A (7): 1 H-and 13 C-NMR: see Table 1 . Acidic hydrolysis of 7 and 8. A solution of 7 and 8 (1 mg each) in 1 ml of 0.1 M H 2 SO 4 was heated at 90 C for 2 h. The reaction mixture was extracted with EtOAc, the aqueous layer was neutralized with 0.1 M NaOH. Sugar was determined by a DXc-500 sugar analysis system (Dionex Corpration, CA, USA; column, CarboPac PA1; eluent, 5.0 mM NaOH; flow rate, 0.8 ml/min) and compared with authentic sugars. The sugar part gave a peak at t R 8.00 (L-rhamnose, t R 8.10 min).
DPPH radical scavenging activity. The scavenging effect of each sample on the DPPH radicals was determined according to the method in the literature. 13) Briefly, an aliquot of the sample solution (50 ml) in 50% EtOH was mixed with 50 ml of a 200 mM MES buffer (pH 6.0) and 50 ml of 50% EtOH, and added to 50 ml of 400 mM DPPH in EtOH. After 20 min, the absorbance at 520 nm was measured. The inhibitory percentage of DPPH was calculated according to the following equation: scavenging effect (%) ¼ ð1 À A sample 520 nm =A control 520 nm Þ Â 100 where A control 520 nm is the absorbance of the control (50% EtOH, instead of the sample) at 520 nm. EGCg and L-ascorbic acid were used as positive controls. 3) Melchor, G., Armenteros, M., Fernández, O., Linares, E., and Fragas, I., Antibacterial activity of Rhizophora mangle bark. Fitoterapia, 72, 689-691 (2001). 
